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GiiilP'IEil 1 
lEl'HODUOIIOH 


Molecular spectra are peitxapc the most important 

means of investigating molecular structure?*^ They give direct 

information on the various descrete energy levels of a molecule. 

Also, they give detailed information about the motion of electrons 

(electronic structure) and vibration and rotation of nuclei 

in the molecule. Prom the vibrational frequencies, the forces 

between the atoms in the molecule can be calculated with great 

accuracy. These forces may be divided into four types J 1. short- 

1 2 

2. intermediate- long- and 4. very long-range forces. ' ' 

It is the third type viz. long-range forces with which the 
present exposition is concerned with. The long-range analysis 
of halogens (Br,- , G]^ , 3^ ) is presented in this thesis. 

It is the purpose of this chapter to introduce 
the background of long-range analysis necessary to understand 
the following chapters. In the long-range analysis, the 
potential coefficients are calculated using the outer turning 
points of the BhR potential. It is necessary to compute the 
potential upto dissociation for such a calculation. Por 
computing the potential upto dissociation, energy levels 
near dissociation limit (which are rarely observed'^) are 
extrapolated using theoretical methods. The details of 
computation of RKR potentials, the methods of extrapolation 
of energy levels and the long-range analysis are presented 
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here in tJae following. 

Potential Inergy Curve 

The spectroscopic data on energy levels may he 
used to obtain several types of potential fimctionsy i 
which are useful for a semi quantitative discussion, but may 
be badly in error at high vibrational levels. 

A much better procedure is to employ the Rydberg- 
ICLein-Rees (RKR) first order ¥KB method in which no special 
assumptions about the mathematical form of the potential are 
made. The experimentall3r known energy levels are used to 
calculate the points on the potential curve corresponding to 
the classical turning points of nuclear motion. The method 
was devised by RydbergJ^ and ETLein^® on the basis of Bohr- 
Sommerfield quantisation of the phase integral for the vibra- 
tional motion. Rees^^ developed analytical modifications to 

1 7 

their graphical procedures. Vanderslice et al. made it 
compatible for use on hign speed electronic computers. This 
has now become fairly routine and has been adopted by a host 
of workers too numerous to enumerate here. Higher order 

approximations have been studied and it has been shown 

18 

that they are small even in the case of hydrogen. 

T 7,'iQ 

The method has a simple interpretation. 

The two quantum conditions required to evaluate the two 
classical turning points r^ and r^ of the vibrational motion 
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at a given experimental energy 1, may be represented in terms 
of the area enclosed by the constant energy line ii and the 


potential energy curve C!(r). 



Y 


f'ig.l.l 


The area A (fig.Ll)is given by 

f2 

A = I (b - b) dr (l.l) 

^1 

where U = V‘(r) + Iv/r^ (l. 2) 

2 

E/r is the centrifugal energy. 


It follows that 



Since B and E are related to vibrational rotational energies. 


A is expressed in terms of experimental energy levels to solve 

f 

the problem. Using the action integral -l - j pdq 


-4r-- = ^ k — ^ -'~r (1*5) 

Let’ I' be the value for which b(I',E) = u. It can be shown 
that 

I» 

A = (2A^^)^ j■(E~UF dl (1.6) 

o 

lor. a rotationless state with I = (v-f- 2 -)b (Bohr-Sommerf ield 
quantisation rule), the following relations for the integrals 
f and g may be derived 
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f(r; 

= B j dv ’ 

7[<- - 

- Y(v‘ ) 

(1.7) 


V 

r 


dv ' 

( 1 . 8 ) 

g(r) 

= Ci/s) J ■ 






d(v))]^ 



V2. 

where S = (ii/STi^cM-), Gr(v') are vibra-tional term values 
and are rotational constants, v is the vibrational 

quantum number for which Y(r) = &(v}. These i.ntegrals have 
a singularity at the upper limit. Rees overcame this diffi- 
cult 3 r by using an analytical expression for the observed 
energy/- levels. It involves the representation of vibrational 
energies b^r quadratics in (v+j). However, for most molecules, 
vibrational energies to a high v can never be represented by 
such quadratics. Vanderslice et all”^ introduced the method 
of representing the energy S(I,K) by a series of quadratics 

The following relations for f and g are derived. 


= B 


i=1 


'"i 


log 
■{WXJ'/; 


n 





[2ai(wxp-’ { (V- )i~ (y v. )i| 

(l/V'wXj) i 2 ±S^ ~ (a^w^ /wx^ jllog v/i] 


(1.9) 


( 1 . 10 ) 


Wi 


[ 


- 4 2[wXjL('\^“ Y)]'^' 

2[wx. (Y^-Y^^^ )f 


4wx^Y^__^ 




where 



where wx^, w^ , and are effective constants for the 'i'th 
segment of the quadratic fitting, T. and Y are measured from 
the potential minimum. The 3 ?- are determined hir fitting G(v) 
and By of v and v-l levels to the expressions 


G(v) = w^ (v’+s') - wx^ (v-4-) 


B, 


= B,. 


a. (v-fr) 


( 1 . 11 ) 


However, the method is not sufficiently accurate near the 
upper limit of integration. Hence, f and g are calculated by 
this method onljr upto v-6 and from v-6 to v by a separate 


analytical method. The integrals from v~6 to v--4 and v-4 to 
v-2 are evaluated by fitting “to quadratics 

in (v~v‘). Tne contribution from v~2 to V is obtained by a 
similar fitting to a cubic. Similar expressions also apply 
to j dv’ /[G(v)~G(v* ) The metnod is quite accurate 
and competes with any of the numerical methods. 


It is observed tliat the HKH potential at very 
high vibrational levels misbehaves, the repulsive branch of 
the potential either turns in or out. This results from the 
inaccurate molecular constants. ’ In the HICE. potential 
calculation, yibrational constants determine the vjidth of 
the potential and rotational constants determine the absolute 
position of the turning points. More specifically, the smaller 
vibrational spacings give larger widths, and smaller B^ 
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give larger absolute turning points for the potential. 

Tet a good approximation^ for the inner wall 
in this region may be obtained by a,n extrapolation from the 
region where the potontial bohavesoisrcll.--e I3abiiiinc-r wall is 
fitted to the expression 

■\r(r) = (a/r^^ ) + b (l»12) 

and the turning points were extrapolated using the G-(v)s. 

The outer wall was computed then using the widths determined 
from HER potential. It was shown that the errors involved 
in estimating turning points are: 

5(r - V ) ^ A 

1 / V “-2 U “2 

6Bv 

bCr^+r^j^ l/aLr^+r^J (1.13) 

Extrapolation of Gr(v) and 

Since energy levels upto dissociation are rarely 
obseived, usually they are obtained by extrapolation. Until 
recently, a linear extrapolation of the Birge-Spooner plot 
was the choice for such an extrapolation. But it is known 
that these plots show a positive curvatAire near dissociation 
limit and hence the extrapolated energ^T- levels are less certain. 
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A more accurate method based on ¥KB approximation 
was developed by Le Roy and Bernstein,' The IvlCB quantum 
condition for the eigen values of a potential 7(r) is 

^2 

f [&(v) •' "'/'(r)]^ dr = Tth./(2M-)^ (v+t) (I.I 4 ) 

^1 

iis indicated earlier, 7(r) ma^r be represented in inverse 
powers of r, for large r. 


7(r) = B - Z C^/r"’’ 

TO. 


(1.15) 


where D is the dissociation limit. Over any small interval 
of r, the inverse power series may be approximated by a single 
'effective* or 'local' term, C^/r^ which is the weighted 
average of different terms and eq,l.l5 becomes 

v(r) = D “ Gn /r' (I.I6) 


where 


n = 


“m 


(m+l) mC^/ r 
7 r"'"'' 


nrrl 


-1 


(1.17) 


m 


In the limit r reaches the asymptotic region, the noninteger 
n becomes n (asymptotic value), the effective smallest 
integer power contribution to eq.1,15. Rearranging eq.1.14 
and differentiating with respect to G-(v) 


dv 

dG-(v) 


Tiil 


[Gr(v) - 7(r)] ^ dr 


( 1 . 18 ) 



Substituting eq.l.l6 and setting = 0, eq.1.18 1)80011163 
upon integration 
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dGf(v) 

dv 


ixiv) 


J 


(n:-2)/2n 


(1.19) 


is a constant involving gamma function. Integrating 
eq. 1,19 

G(v) = D-[(Vq ~ v) J (1.20) 

xfhere = [(n-^/2n]K^ and Vp is a constant. For n>2 

it becomes the effective vibrational index at which molecule 

1 0 

dissociates. It can be shown that positive curvature of 
a Birge-Spooner plot is a necessary condition for the appli- 
cabilit3;- of the above equations. Another useful relation 
may be obtained by using 


= 1/2 [G(v+l) - G-(v~l)] 


( 1 . 21 ) 


in eq. 1.19> 

&(v) = 1 - (1.22) 

where E = [l An 

In the present work, the values of D are 
accurately known. The asymptotic value of n for the state 
under studv may be determined from linear fits of the observed 
Gr(v) and. to eq.1.22. The G(v) may be then extrapolated 
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from eq,l. 20, in which the constants and H are obtained 

u r\ 

from a fit to the linear form of eq.l. 20 

[D - G(v) = (v^ - v) (1.23) 

Replacing 'V(r) in eq. 1.14 hy effective potential including 
centrifugal term, one may derive an expression"^ foi- 

By = (1.24) 

where is a constant related to 0^ . This expression is 

used in extrapolation of over the tail of the potential 
curve. 

It should he remembered that at shorter distances, 
exponential type of forces (exchange forces) replace the 
inverse pox^er terms and hence the above treatment should be 
applied only to the long-range region where Birge-Spooner 
plots show positive curvature (the region v^here inverse power 
terms dominate). The integrand of eq.1,18 is over estimated 
as a result of setting =0; consequently n and 
determined thus are somewhat too large. Another source of 
error arises from the approximation of the sum of inverse 
power terms representing the potential by a single term 
(eq.1,15 by eq. 1,16), This has tne effect opposite to the 
above and tiie constants n and 0^^ thus determined are 
slightly too sms.ll. The eq. 1,24 for tne extrapolation of 
By values is less rigorous than the eq.l. 22 for the 



10 


vibrational term values. The errors are introduced for the 
same reasons as those for the vibrational problem^ only that 
they are more serious for the rotational constants. Tue values 
of Bv so determined are the upper bounds of tne true values. 
The value of B obtained from the fits to ey.. 1,22 is an 
upper boimd, as the slope decreases with increasing n 
which is the case for lower levels. This is the result of 
approximating eq.1.15 by eq..l,l6. 

Long-range Analysis 

In the beginning, only the first coefficient 

in the expansion of potential by inverse power series, has 

been determined and all higher contributions have been 

ne^ected. The constant 0^ (n = 5 for B-statesand 6 for X 

state halogens ’ ) has been determined from the linear fits 

(n 2'' /2n 

of [D ” '3-(v)] ' and v. The constant in eq, 1,20 is 

related to 0^* by 

H = (1.25) 

^ rv rt ^ I 

[Tl^ On -I 

is H constant depending on n. The potential expansion 
may be rewritten as 

B - G(v) = T On/r'^ (1.26) 

n 

•ioscinsci developed a method in which the first two terms 
in eq. 1.26 are directly determined implicitly considering the 
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higher terms. His equation determining the first two is 

[D~ &(v)]r“^ = C!g[l~ (Og/Cg) r^y"^ (1.27) 

in which G^q becomes equal to Cg /Cg. Sq.1.27 may be 
generalised^ bj/ using the following equations 

[B- S(v)] r"! = 0„, [1 - c! {0. /O r'/” 

(1.28) 

This equation gives simple two term expansion for a = -1 and 
G-oscinsci 's for a = +1. 0^2 in eq.1.26 is given by 

0n3 = 1/2 (1 + a) 0^2 (1.29) 

witii the assumption n3 = 2n2 - nl wiiich is true for second 
order perturbation energies i.e. n= 6, S, lu, ....... . hq.l. 28 

may be rearranged to a linear version 


(r"' [B - = c;? U+a)j/^2-n1 (1. 30) 

and for the case a = 0 


log I r"^[D- G(v)]| = log (C^^) + (Cn 2 /^n 1 ^ 


n2-n1 


(1.31) 


A prior knowledge of an37- of the force constants may be 
ul till zed b^r replacing 

[D - G(v)J with [D- G(v) - O^/r^] (1.32) 

in eqs. 1.30 and 1.31. Bq.1.26 may also be rearranged to 

give a linear equation as 



12 


[D- &(v)] =C C R*^ (1.33) 

K ^ 

wliere R = and = 2 (m + 3 “ K) 

1=0 to m 

jiq.1.33 is also applied in the analsrsis to obtain Og, Gg and 
G^g wliich are corapared then with those obtained from eq.s.1.30 
and 1 . 31 * file applicabilitj? of these methods is restricted 

jL 

to rj^ (aas) 2 [ \r^ / '•^ + for the interaction of 

two atoms A and B. Here ') is the expecta- 

tion value of the square of the radius of the outermost 

electrons on atom x. The reason is that the overlap of 

electron clouds of two atoms increases so much as to break 

down the inverse power expansion. The values of r|^ are 

calculated for X and 3 states of halogens from the expecta- 

5Q 

tion values of the orbitals and are given in tables 4. 7 
and 4 . 9 . 


As will be seen later in chapter 4s the utility 
of Le Roy and Bernstein's approach for the extrapolation of 
energies near dissociation is great. Also, the long-range 
constants obtained from bis method are compatible with those 
obtained from eqs. 1.32 and 1.33. 



CHAPTER 2 


RE'SOMHOE SERIES OP BROMIHE 


Introduction 

Resonance fluorescence spectrinn of Br 2 was 

JS 

first recorded "by Rao and ¥enkateswarlu‘ in tiie region 

1565“1860A. They observed a series of doublets excited by the 

bromine atomic line 63497.8 cm~^. These doublets correspond 

to vibrational levels ranging from v = 4 to 36 of the ground 

24 

state. Using the absorption dataji fhey calculated the 

molecular constants of the ground state of bromine molecule. 

26 

Using the absorption and the fluorescence data, Le Roy and 
28 

Burns tried to improve these molecular constants following 

an iterative method based on RIvR potential, the I’eliability of 

27 27 

which was doubtful according to Coxon . Ooxon from the 

79 

analysis of the B-X system of Br 2 in absorption, reported 

the molecular constants for 0 ^ v ^ 10. Also, he computed 

the potential curve using his data for v = 0 to 10 and the 

29 

fluorescence data above v = 10 upto 36. Barrow et al. 

79 81 

from a studjr of the absorption spectra of Br 2 and Br 2 , 
improved the molecular constants for 0 ^ v 4= 10 , in which 
rotational constants for v = o and 1 have oeen determined 
by a cyclic process. 

20 

Here 9 the notation of Herzberg is followed except that no 
primes are used to denote the lower state quantities* 
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It is clear that, on the whole, no reliable 
data exists for the ground state of bromine above v = 10. To 
make up for this deficiency, an analysis of the vacuum ultra- 
violet resonance series of Br-p in the region of 1500-2100A. 
taken in,’, high resolution is undertaken in the present 
work. 

X- 

Experiment 

The resonance doublets of Br 2 were excited by 
microwave diathermi source at 240U lyiEz. The doublets could be 
obtained relatively free of background by adjusting the pre- 
ssure of He and J3r2 in the cell. The spectrum was photo- 
graphed with a 10. 6iu concave grating spectrograph in the 
region 1500-2100A in 6th and 7th orders at a dispersion 
varying between 0. 2lA/mm to 0, 29A/mm. The spectra were 
recorded on Ilford plates. Iron lines in 2nd and 5rd 

orders were used as standards. The wave numbers of all 
spectral lines were obtained using a large number of standard 
lines by least- squares method programmed in EORTBAE-IO. The 
accuracy of the measurements is about + 0.06 cm"”’ . 


The spectra are taken by Professor P. Venkatesuarlu in 
Ottawa, Canada as high resolution facilities are not 
available in this country. 
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Results 


The spectrum showed several long progressions 
of doublets in the region 150U-210UA. The doublets repeat 
at gradually decreasing intervals and proceed to converge 
to different limits. The intervals between adjacent 
members of the series correspond to the vibrational quanta 
of the ground state, X of . Twelve different 

, G-^ and 

^2 Gould be definitely identified and analysed (tables 2.1 
to 2.6). In addition there are members of a few other 
series which are weaker and are not studied in the present 
work. The series A" and B are strong and the series 0, G, 
and I) are of intermediate intensity. The doublets identi- 
fied correspond to v values from 0 to 36 for series A, 

C and G, from 15 to 76 for series B, from 1 to 65 for 
series D and from 25 to 71 for series E. iour bromine 
atomic lines, 63436. 5 2cm“"' , 63498. 51cm~^ , 64907. 24omr^ 
and 65285. 18 cm"^ excite the moleciiles initiall 3 ?- from either 
V = 0 or 1 of the ground state to some rotational (desig- 
nated by Jj, ) vibration level of an upper electronic state. 
The observed resonance doublets result from the reverse 
transitions to various vibrational levels of the ground 
state. 

Series , A^, and are collectively referred to as 
series A and also similar notation for other subscripted 
series is used, in this chapter. 


series named A 2 , A^, A^, B^, B 2 , G, B, E 2 
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Jiinong these doublet series, some pairs 

(A^- A^, A^" A^, B^, G-^- and B, - ) were detected 

each of which has the same upper Tibronic level excited 

by the same resonance line. The upper state rotational 

quantum numbers for such pairs differed by 3 units. The 

relative position of the doublets of these pairs in the 

spectrum gives the appearance of quartets and henceforth 

such pairs aru termed quartet series. The origin and 

the relative positions of the doublets of the quartet 

series are sho’..’'n in figs.2.1'-2. 3» The resonance line 

63498.51 cm“^ excites the molecules from v = 1 of the 

ground state to the upper vibronic level from which the 

quartets with values equal to 

58 and 55 respectively. The r^^sonanco line coincides 

with R line and with P line of v = 1 doublets respectively 

**“1 

for A^ and A 2 . Bimilarly the r^sonanco' line 63498 . 51celi) 
is responsible for the quartet series h^-A^. Here, 
this ' resonance line coincides with S. lino for series, 
while it coincides with P line for A^ series. Again 
the lower state is v = 1 of the ground state, with 
values 63 and 65 respectively for A 3 and A 4 scries. 

Similar observations were made for the 
other quai*tet series B^- B 2 , B'i-E 2 and G-i-G -2 • 
resonance line excites molecules from v = 0 of the ground 
state. Pigs. 2 . 1 - 2 . 3 explain the process of excitation 
while table 2.7 gives the frequencies of the exciting 
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lines, tlie values of Jp , and lovrer sta,te --luantum numbers 
for all the series. 

The atomic line 64907.24 cm™^ raises the 
molecules from v = 0 to a rovibronic level with Jp =45, 
from whicn the doublet series 0 originu.tes. Here, the 
atomic line coincides with S. line of the v = 0 doublet. 
Similarly, 63436.52 cm ^ gives rise to series D, for which 
Jp is 51. In all the above quartet series the middle lines 
overlap each other for lower vibrational levels, and hence 
give the appearance of triplets. These xfere resolved 
bevond v = 17 for A<- iu, v = 16 for .'I,- A,, v = 10 for 
~ G -2 series respectively. So such triplets were iden- 
tified for 13 and 1 series. Gome of the members of these 
series were weak or missing in accordance with I'ranm-c 
Oondon principle. 

V/hen the linos cind (.shown in figs. 2.1- 

2.3) coincide, one has 

CH' = Ij (Jp+ 3) - (Ip ) = (Jp+ 2) - Py (Jp+ 1) (2.1) 

= (J^ + 2) [2By - 4D„ (Jp + 2)^] (2.2) 

where F and I'* are the rotational term va^lues of the lox^er 
and upper states, x^eglecting Dy f or a first approximation, 
tne eq. 2. 1 gives 


6 By (Jp + 2) 

or By 01 1/3 By 


2 By (Jp + 2 ) 


(2.3) 

(2.4) 
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At this point it is interesting to note 
that the components of the quartet change their position, 
with increasing it. Following the notation that 6(R^P2 ) 
is the separation between the components and P2 of 
the quartet, we have 

6(R^P2) = [6(B(, ~ 4P'^ )(Jr + 2) - 12DJ (J^ + 2)^] 

~ [ 2 B^ (J + 2 ) - 4B^ (J 3 , + 2 )^] (2.5) 

~ 18(J, + 2 ) [B^ - 2Dy (J^ + 4*^^ + 18}] 

-[CbB' - 4BV } (<Jr + 2) ~ 12Jj’y(Jr + 2)‘^J ( 2. b ) 

The above equations indicate that x-rith 
increasing v, the total x-ridth of the quartet goes on decrea- 
sing, the blended middle components separate out ; R 2 and 
R^ coincide following which P2 and P^ coincide; then the doub- 
lets are reversed i. e. the order of the lines change 
to P2> P^, » R2> ? the total width being 6(R^ P2) at this point. 

C^g. 2 ,2)W:ien R lines coincide, 

F^ (J^ + 2) - Fy (J^ - 1) = 

i.e. 6CBy-A0>12 D^(Jr + l)^ =4iF/(Jr + l) ^2.7) 

ll/hen P lines coincide, 

Fy (J^ + 4) - Fy (Jj. +1 } = A F' 

or 6CB-41]^)-12 By(J + = ^F'AJ^ + 3) (2,8} 

Supposing By can be neglected in eqs. 2.7 and 2.8 the 



19 


values of By for the two cases would almost be the same 
i. e. the two doublets 2-2^2 may be assumed to 

coincide. This gives 

12By - 72 Dv (Jr + 4Jr + 5) = 0 (2.9) 

The eq. 2.9 with either eq. 2. 7 or eq. 2.8 gives By a value, 

0. 040276cm'“^ which corresponds to the vibrational level 
69 for B series. Neglecting By , the above equations 
give a value of By which is 1/5 of that for v = 0, corres- 
ponding to the vibrational level 75. However, in the 
present spectra, sucn a doublet was not exactly observed 
but estimated to occur between 75 and 74. A totally 
reversed quartet was identified at v = 75. 

The closeness of the values of v (69 or 75) 
calculated above with the estimated v = 75 from observation 
is satisfactory, the, difference may be partly due to the 
approximation of the eqs. 2. 7-2. 9 in wliich the higher 
order terms are neglected. 

Evaluation of J^. values 

The doublet separation OAJ’/u.of a series is 

given by 

= (4 Jr + 2j [By — 2Dy (J/ + ‘Jr B l)] 1.2.10} 

Jj, is the rotational level in the upper state and B^ and 
Du are i*otational constants of the ground state. Expressing 
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By and as polynomials in ( v + t ) 

By = Bg- + Ye(''^+2‘)^+ 9e('^+2')'^ (2.1l) 

By = Dg + pg (v-li) (2.12) 

Substituting eqLSi-2.ll and 2.12 in eq. 2.10 

6v* = (4jr+2)[ B3»2De(c5?+ + l) + ^ -a^ +2pg { +1^, -hi )[ x 

(v-H-j + Ye(^-hij^+ <53 (v+4-)^ + (2.13) 

Plots of 6t vs (v-+^) are drawn and smooth 6 '^ were 
obtained for different lower values of v. Jsing these 
6 -^ values along with By values calculated from the 
workodf Barrow et al. , Jj, for all series wore initially 
obtained from eq. 2.10 neglecting By . These Jj. values 
so obtained ax's found to be consistent with those obtained 
from detailed calculations made in the following manner. 

Making use oi the graphs, fig. 2.4 and 
2.5 , the points of large scatter are omitted while 

least square fitting the values of 6Y ro eq. 2il3 by 
fourth degree polynomials of the form 

3 4 

6-^ = a.o+ ai(v-t4) ■+• a2(v-+-i-)2+ a3(v-Hj) + a4(v-t-j) 

or in short 6v =11 an(v4-y)'^; n = 0 to 4 (2.14) 

n 

Comparing eq. 2.13 and eq. 2. 14, 

= (4J^+2)[j33-2Bg(jJ-h +1)J 

a^ = ( 4Jj, -h2 j [-ttg -h 2pg (Jj^ -h tJp -h l)] (2.15) 

a2 = (4Jr-t2)Ye»* = ( 44^ -i-2 ) 6^ , a^ = (4^^ +2j9e 
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Tiie coefficients [sp, ] of eacii series are determined from 
separate least squares fi'cs. lue series A, 0, & and I) 
(upto V = 32) require only second degree polynomials, 
wMch means = a^ = 0 in eq. 2. /A. Neglecting 
from the first of eq. 2.15 

+ 2)B^ (2.16) 

90 

Using the value of Bg , from the iron:: of Barrow et al.,^ 

J is calculated for all series. The values of a and 
r 

J for all series arc listed in table 2.7* 
r 

Determination of Rotational Constants 

The rotational constants were obtained from 
eq. 2.15 in two stages. In the first, a preliminar;/ set 
of molecular constants for A, G, D, G- series were obtained 
as follows. As, either some of the doublets or components 
of the doublets are missing, the do^^blet separations 
calculated from the molecular constaircs were used in 
place of missing experimental values between v = 0 and 4. 
Then scries. A, 0, D, U in all eigiit, were separately 
fitted to polynomials of type eq. 2.14 yielding the 
coefficients [ap, ] for each series. The first two of 
eqs. 2.15 can be reinritten as 


Be - S; Dg = 


-a + K p = 

B e 




(2.17) 
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where K = 2{J-n + Jj, + l), the independent variable. 

As it is an over determined problem, the constants were 
calculated by least squares treatment of eq. 2.16, with 
[a^^ ] as functions of K. The mean values of the constants 
Yg > 9g were obtained from the last three of eqs.2.15. 

The molecular constants so obtained are all listed in 
table 2.9. Those constants were used to calculate , 
the doublet separation for all series upto v = 36. The 
difference between calculated and observed , varies 

between 0. 04 to O.OTcm 

In the second step the gaps in series E, D 

and B upto v = 36 were filled witn tne above ' 6t's, and 

the data was subjected to tne least squares analysis once 

more exactly as before, to get tne coefficients [a^ ] 

for each of tne series E, B and B. The least squares 

treatment of tho coefficients [a^ ] gave molecular onnotants 

which represent the entire range i. e. , v = 0 to 7U. As a 

check, 6 tJ’s with these constants were calculated which 

agree well with observed doublet separations within 
-1 

+ 0.10cm . The constants are listed in table 2.9- 

Vib rational Analysis 

The rotational term values of the ground 
state corresponding to all series for both P and E branches 
were calculated using the rotational constants and the 
Jj, 's. The position of the upper rovibronic level T(J^ ) is 



oTotained by the following expressions 
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T(Jj. ) = Resonance line +Py(J) + GtqCt) (2.18) 

Grj^(vj is tne vibrational terra value and ly (J) is the 
rotational term value of the lower state and J = + 1 

according as the resonance line coincides with P or R line 
of level V from which the molecules are initially 
excited, v is '1' for series A and 'O' for all others. 
Gg(v), the vibrational term values of 2 are given bjr 

Go(v) = T(Jj, ) - B(v) (2.19) 

where B(v) is the sum of the f req.ueriC37' of the transition 
to the level v and the rotation 'term value Py(J), which 
has the same meaning as in eg.. 2.18. 

There is a difficulty involved in determing 
G-q(v) from this method. As tne resonance lines have large 
widths, the calculated T(J;^ ) and hence Wq(v) would be 
less accurate. However, this was over come b^/- using 
'Jq(v)'s from an earlier work. Vibrational spacings for 
A state of bromine are accurately imoxm upto v = 10.^^ 
Goupling this information to the observed line frequencies, 
T(J^ ) was calculated from eq. 2.19. Neglecting the widely 
differing values, an average T(Jr) was calculated for each 
of the series. These are given in table 2,10. Tbe vibra- 
tional term values for the ground state from all observed 
lines are then calculated using eq, 2.19. It was, then, 
observed that the average ^ ^ branches of 
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one series differed from another by approximately cons- 
tant amounts. The explanation is i the resonance lines 
being very broad, tne exact separation of the higher and 
lower energy levels does not correspond to the centre 
of the line whicn is measured, but to a value differing 
from the centre by +£> . The Zl's for all series were 
determined b3r comparing the present vibrational term 
values with those of the earlier work and given in 
table 2 . 7 . 

As vibrational levels only upto v = 10 are 
available accurately, the Gq (v) values in the present 
work were obtained in tliree stages ; i) an internal stan- 
dard was developed by comparing the average &q(v) of 
and A 2 with those of Barrow et al.' ii) the series A3, 

A 4, C, G-i and G2' were compared with the above internal 
standard and the ^'s determined. The average of all 
these series fixes the vibrational levels upto v = 36. 
iii) tne for series B-], ±52, B, and A 2 were 
then deteruiined likewise by comparing t±ie levels upto 
36 witn those determined in step (ii). At tnis stage 
an average of these series gives me vibrational energies 
for the entire range of v. These are given in table 2. & . 

From here it is a strai^t course to determine 
the vibrational constants. The term values from v = 4 to 
32 are least squares fitted to polynomials, 

=15 

n 


f 


n = 0 to 3 


(2. 20 
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where the coefficients [hp, ] give and 

WqZq as n varies from 0 to 5 respectively. The constants 
are given in table 2.9. Along with the vibrational 
constants We, WgXg, w^ygand WgZ g were determined from 
the interrelationships -vh-th the above constants.^° Calcu- 
lated from these constants, the zero point energ;;,’- is 
-1 

l6l, 405cm . Vibrational term values- Ge(v) were 

obtained by adding the above zero point energy. Ge(v) 
for V = 1 to 3 calculated from the above constants, 

■were used in fitting the data in the following. The 
vibrational term values GeC"^) could not be fitted over 
the entire range i. e. v = 0 to 16 , by a single polynomial 
in (V-+4-). The values for 0 = v ^ 60 have been fitted 
by least squares to the expression 

Ge ("^ ) = Opi ( V , n = 0 t o 6 (2. 21 ) 

7i 

to an accuracy of + 0.07cm“ and tne coefficients are 
presented in table 2.9. Ge(v) for v = 60 to 75 were 
smoothed by fitting them to a polynomial in (vH-g-). 

Potential Energy Curve 

As mentioned in the first chapter several 
methods of computation of potentials are available. 
Ho'wever, onl\^ the RER method is used to obtain the 
potential energy curve in the present work. The cuirve 
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is calciilated using a standard program which requires 
spectroscopic constants (w^Xg, UgjCg and Eg ), (v) 

and By values, as input. Ihe term \ralues, from 
V = 0 to 60 smoothened bj?- least squares method were used 
in the program. The turning points are listed in table 
2.. 8, The repulsive branch of the curve turns inward 
above v = 64 which is not unexpected. ' Hence the 
potentials are corrected above v = 60 and the long- 
range analysis is carried out as given in the next 
chapter. 

Upper State 


It is usually difficult to obtain useful 
information about the upper state from resonance fluore- 
scence. However, as there are seven excited levels 

A 

covering a region 2000cm“ in their Ty values, efforts 
are made to extract some information. Of the twelve 
resonance series only five quartet series give signi- 
ficant ini’ormation about the upper state. 

An estimate, of the rotational constant, 
is obtained from the quartet series, mentioned earlier in 
this chapter. Rearranging eq. 2.6, 

Af = TV (Jr +3) - Pv'(Jr) = 10(Jr +2)[By-2l)y(j|+4Jr+10)J 

( 2 . 22 ) 


- ) 



27 


where belongs to the vibrational level v' of the 
upper state. The rotational term value of the th level 

is 

Fu' (Jr) = [By' - Jr (Jr +l)] Jr (Jr + l) 

(2.23) 


which can be put in the form, 


K' ('^r) = [{J^+ 2)(Jr+ 5)--2]Jr(Jr+ D 

where =6F'/6 ( J^, + 2) (2.24) 

Ty , the upper state vibrational term values are calculated 
from the expression 


Ty = T(Jr) - F7 (Jr) 

The experimental 6(112^] ) in the range 
0 ^ V ^ 44 are used to obtain an average value of IP'. 

On the basis of these calculations, it appears that 
there are two possible schemes for the upper state (see 

table 2.10). 1} All resonance series have originated 
from the same upper electronics state. Pig. 2. 6 shows the 
upper state levels with ' Ty values and values. The 

separation between the levels a .|2 and is 68cm""^ and 
that between A-12 aA.d 0 is 468cm“'' . ffliis shows tnat seven 
vibrational levels are probably involved vj-ith an average 
vibrational quantum (w) 67cm~'' between these levels. 

Bxt ending these assignments and calling the vibrational 
index corresponding to the lowest excited level G as n. 
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one has v' = n+29 for the highest level B. The vibrational 
q.uantiiai numbers for the levels k and B come out 

to be n + 7s n + 8, and n + 25rcspectively. 

As the Bgp^and hence T^ values could be 
obtained for the quartet series alone by the above method, 
to a first approximation. values of series D and 0 

are assumed to be those of their nearest neighbours i.e., 
2.719 X 10“^ cm"'' for B and 2.791 x 10“^cm^ for C. Then 
Ty values for the levels D and G are obtained and the 
corresponding vibrational assignments are n + 1 and 
n + 23 respectively. Jill these assignments are shown 
in scheme 1 of fig. 2. 6» 

The Bg^^ values of levels B and h are larger 
than those of G or A levels. This is quite unexpected 
as they should decrease with increasing vibrational index. 
However, it may be partly boca.use of a perturbation and 
partly because of the errors involved in B^^^ values. 

2) It is equally possible to have two upper 
electronic states involved in resonance series. iJnder this 
scheme levels D, A^ 2 !' belong to one electronic 

state with w ~67cm“''and the vibrational assignments the 
sa,me as those in scheme one. But series B and E belong to 
one upper electronic state with four vibrational quanta 
separating them and w 6lcm . Now all B^^^ values fall 
nicely into the frame. The assignments of all tnese levels 
are shown under scheme 2 in the fig. 2, 6. 



29 

The electronic state }ari sing from 

the configuration seems to he the upper state 

under scheme 1. Under scheme ) arising from 

the configuration probably corresponds to 

G-, ii.^ 2 ’ -^34 while ^'*'(0^ ) arising from 

4 4 

probably is responsible for B and E. 

Venhateswarlu has recorded the absorption 
79 R'l 

spectriim of Br 2 , Br 2 in the vacuum ultraviolet 
covering a region 6300u-66500cm“'' which shows descrete 
bands. A preliminary analysis shows that ^ Uy+p is 
65cm"’'. A detailed analysis might throw light whether 
one or two electronic states are involved in this 
region. 


Conclusions 

• The doublet separations calculiited from 

this woric and those calculated from molecular constants 

29 

of Barrow et al. agree well witn each other, the differences 
bein^ 0,03 cm . The constants presented here are more 
meaningful as they o.re obtained from extensive data while 
those reported by Barrow et al?® for are 

calculated from the work on isotopes Br 2 and Br 2 . 
Comparison of G-o(v) of this work with those of Barrow 
et al . upto V = 10 show clearly that there is good 
agreement which is not unexpected. 



Aj-A* 



Fig. 2.1 Excitation process of quartet series (a) A^-A 2 and 
(b) A^-A^. liie resonance lines are shown at the 
extreme left, I'he frequency of the resonance line in each 
case is equal to R^^CA^ or A^) and 2 (A^ or A^}, !Ehe appea- 
rance of triplets is due to the overlap of and as 
shown below the ener^ level diagrams. 




Ri,Pa Ra 



G| *• G^ 
(b) 



P, R„Pa Ra 


Ig. 2.2 Excitation mechanism of quartet series (a) ^-^2 

(b) G’ 2 _-Q' 2 * atomic lines, lower and upper state 

xantum numbers are shown. The general nature of a quartet as 
increases is shown with the B series as an example. 
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ffig. 2.7 BKR potential of Bromine X state. Above 150uucm 
the potential turns inward as indioat ed by the dotted line, 
The irregularity is corrected as described in. Chapter 5* 
The inset shows an enlarged portion of this region. 
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TABLiS 2.1 

j ii.2 Doublet Series 








V 

Pi 

6'/ 

% ^2 

6' 


u 

63799.75 

13.8^ 

63813. 64 

16.18 

63836.82 

4 

62532. 63 

13.54 

62551.17 



5 

62221.1 

18. o5 

62259.75 

16. 25 

62258.0 

6 

61912. lu 

13. 45 

0I930. 55 

17. 45 

61943. Oi 

1 

61605.19 

13.35 

61623. 54 

17. 41 

6I040. 95 

j 

6u996. 05 

13.12 

61016.17 

17. 22 

61033.39 

11 

6u399. 93 

17.92 

60417.9^ 

17. 04 

60434. 94 

13 

59311. 09 

17.71 

b93 28. 30 

16.9 3 

59345.74 

14 

595 2u. 22 

17.31 

59538.05 

16. 61 

59554. 64 

16 

53945. 60 

17.57 

58363.17 

16, 45 

58979.62 

18 

533SU. 5 4 

17.55 

58397.99 58397.51 

16.63 

58414.14 

20 

57325.19 

17.31 

57842.50 57842.00 

16, 39 

57858. 39 

22 

57279.97 

17.00 

57297.05 57296.42 

16. 32 

57312.74 

24 

567 44. 88 

10.98 

56761.36 56761.16 

16. 03 

56777. 24 

26 

56220.32 

16.30 

56237.12 55236.32 

15.93 

56252. 25 

2.0 

55706.47 

16 . 51 

55723.03 55722.13 

15. 78 

55737.97 

3u 

55203. 66 

16.33 

55219.99 55219.04 

15. l^'O 

55234.60 

32 

54712.05 

16.01 

54723.00 54727.32 

15.19 

34742.51 

34 

54232. 33 




54262.03 


W. 3 


iQ.1 tie doublets a,re in om “ 
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TABij'iii 2. 2 


Doublet Series 


Y 

/l 

bv 

A A 


_f2__ 

U 

63796.22 

22. 42 

63813. 64 

21.07 

63839.71 

1 



65493. 51 



5 

62219.63 

21.34 

5 2241. 47 

21.49 

62262. 96 

6 



51932. 59 

20. 63 

61953. 22 

7 

61604. 63 

21. 40 

515 26, 03 

20. 5o 

01646. 53 

9 

60993.05 

21.43 

51019 . 48 

20.31 

61039.79 

13 

39812.76 

20.94 

59333.70 

20.07 

59853.77 

16 

53949. Oo 

20.60 

58969.60 

53963.10 

13.73 

53983.63 

13 

58384.71 

20, 54 

58405. 25 

53404. 66 

19.60 

58424. 26 

20 

57830.41 

20. 25 

57850.66 

57349.92 

19. 40 

57369.32 

22 

57236.03 

20.03 

57306,11 

57505.31 

13.16 

57324. 47 

24 

56752.04 

13:35 

56771.89 

56770.94 

19.02 

56739.96 

26 

56228.43 

19.66 

56 248.09 

56247. 06 

18.77 

56 265. 83 

28 

55715.61 

19.45 

55735. 06 

55733.89 

18. 54 

55752.43 

30 

55213.78 

19. 23 

55233.01 

55231.73 

18. 37 

55250.10 

32 

54723.45 

19.06 

54742.51 

54741.02 

18.19 

54759. 21 

34 

54244.64 

13.84 

54265.43 

54262.05 

17.93 

54279.96 

36 

53778. 20 

13.47 

53790.67 

53795. 05 

17. 6 2 

53612.67 


il. B. , All the doublets are in cu”^. 






TABLE 2. 3 
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^1 

, .G2 loublet deries 



V 


0 

"^1 "^2 

O'l 



0 



03436.52 



1 

631U2. 03 

13.70 

03115.73 

12.63 

65128. 41 

2 

62735.59 

13.62 

6 2Y97. 21 

12.65 

62809.86 

4 

62153.35 

15. 47 

6a66.82 

12. 43 

62179. 30 

5 

61341.46 

13.43 

61854.39 

12. 48 

61867. 30 

8 

6D919.10 

13.17 

60932. 27 

12. 25 

60944.^1 

10 

60315. 35 

12.98 

6032S. 31 

12.10 

60340. 41 

12 

59720.71 

13. 06 

59733.77 ' 59733.52 

12. 09 

597^^5.61 

14 

59135.02 

13.00 

59143.52 59143. lu 

12.12 

59160. 22 

IS 

5771 '!.ul 

12.5 

37726.6.! 57726.10 

11.04 

57737.3 

21 

57162. 49 

12. 50 

57174.99 57171.44 

11. b6 

57186.10 

23 

56621. uo 

12. 4i 

56633. -i7 56032.35 

11. 43 

56644. 28 

25 

5 6039 . 9 4 

12. 55 

56102. 27 56101.65 

11.52 

56112.95 

27 

55569. 41 

12. 14 

55531.55 55530.74 

11. 31 

55592.05 

29 

55059.73 

12.03 

55071.76 55070,39 

11.15 

55o32. 04 

51 

54561. 21 

11.77’ 

54572.96 54572.J-6 

11. Oj 

54583. 21 

35 

54074. 09 

11.75 

54035.34 54034.92 

lu. 32 

54095.7 4 

35 

53593. 9*-^ 

11. 5o 

53610.40 53009.39 

lu. 7o 

53620.15 


ij.-b. . All tile 

--1 

doublets Ai-e in cm 
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'i'Ai3LL 2. 4 

L-i j Douolet derieo 


V" 

^1 



■^2 

5v 


0 



65 285 

.18 



25 

57937. 25 

11. 25 

57948. 5 0 

57947.33 

10. 24 

57950.07 

27 

57416.53 

11.01 

57427.5 4 

57426.83 

10.11 

57436.94 

29 

56906. 6U 

10.87 

56917.47 

56516. 69 

10. 0^ 

56926.71 

31 

56407.82 

10.74 

56418, 56 

56417. 60 

9.93 

56427.58 

33 

55320. 40 

10,61 

55931.01 

55930.17 

9.75 

55939.92 

35 

55444.90 

10. 40 

55455.30 

55454. 30 

9.71 

55464.01 

37 

54981. 60 

10. 30 

54991.90 

54990.89 

9. 49 

55000.38 

38 

54749.7 

lo. 2S 

54764. 96 

54763.92 

9. 46 

54773.38 

4U 

54310.69 

10.13 

54320.82 

54319. 6 

9.42 

54329.02 

42 

53380.15 

10.01 

53390. 16 

53883. 93- 

9. 20 

53898.13 

47 

52867.60 

9.56 

5 2377.16 

52375.71 

8.83 

52884. 54 

49 

52490.06 

9.37 

52499.43 

52497.3 

3.69 

52506.49 

50 

5 2307.68 

9. 26 

5 2316. 94 

52315. 27 

5.65 

52323.92 

52 

51956.37 

9.04 

31965.41 

51963.73 

8.35 

51972.08 

53 

51787.75 

3.93 

51736.73 

51794.34 

8. 38 

51303. 22 


51465.54 

Ci . b‘Zf 

51474. 23 

51472.37 

8. 0 

51480.37 

56 

51312. 29 

3. 58 

51320.87 

51313.97 

7 . :70 

51326.87 

53 

5lu22. 55 

a. 26 

51030. 81 

51023.77 

7.0I 

51036. 38 

59 

. 50886 , 47 

3.12 

50894. 59 

50092. 54 

7.43 

50099.97 

62 

50pl6. U9 

7.31 

50523. 9 

50521. 3 

7.10 

505 23. 40 

63 

504<j5. 93 

7.42 

50413. 35 

PO4I0, 9 0 

6.84 

50417.74 

67 

50035. 40 

0. 56 

5'-'041. 96 

50039. 09 

0.1 -J 

50045.19 

68 

49960.43 

5. 27 

49966. 70 

49963.73 

5.38 

49969. 66 

69 

49892. 49 

6 . 0 

49898 , 49 

49395. 39 

5.67 

49901.06 









lAjii . All tile doublets are in cm 



TABLB 2.5 
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^1’ ^2 Series 


V 

, -I 

oV 


^2 



0 



64907. 

24 



9 

6 2037.1w 

20.10 

O2107. 20 

62106. 60 

19. 20 

6 2125.7u 

13 

60901. 4^.' 

19.65 

60921. 05 

609 20 • O'O 

13.73 

60938.87 

13 

59471.99 

19.30 

59491. 29 

59430. u5 

13. 41 

595O8. 46 

19 

59193. 43 

19.37 

59212.80 

53211. 45 

13. 23 

59229.68 

20 

53917. 25 

19. 22 

58936.47 

58935.13 

13. 20 

58953.33 

21 

58643. 67 

19.10 

58662.77 

58661. 31 

17.95 

53679.26 

24 

57838.02 

18.75 

57856.75 

57855. 26 

17.83 

57873.14 

25 

57574.63 

13.61 

57593.29 

57591.83 

17.73 

57609.56 

26 

57314.01 

13.51 

57332.52 

57330.95 

17.65 

57348. 60 

27. 

57056.03 

13.45 

57074. 43 

57072.33 

17.50 

57090.38 

28 

56800.81 

13. 23 

55819.09 

56817. 42 

17.45 

56354.37 

29 

56543. 29 

1C. 22 

56566. 51 

56564.75 

17.36 

56582.12 

3u 

56293.56 

13.13 

56316.69 

56314.33 

17.30 

56332.18 

31 

56051. 69 

17.98 

5&069. 67 

56007.34 

17.16 

56085. 00 

33 

55566. 57 

17.78 

55584. 35 

55532. 43 

15.95 

55599.33 

35 

55093. 45 

17.56 

55111. 01 

55103.96 

16.74 

55125.70 

37 

54632.76 

17. 23 

5^656. u4 

546 47 . 33 

16. 49 

5406 37 

39 

54184-. 31 

17. V. 3 

5 4201 .34 

54199. 54 

16 . 3o 

54215.34 

4 ^ 

53965.71 

16. 9 4 

5398 2. o5 

5393u. 32 

I0.13 

53990. 45 

41 

53750. 11 

16.35 

53/60. 96 

53764. 54 

16. 00 

53780.54 

42 

53533. 03 

16.70 

53554.73 

53552. 25 

15.91 

33568.16 

44 

53124. 66 

16. 39 

53141. 05 

53133. 42 

15.66 

•53154.08 

46 

52726. 29 

16.13 

52742. -r2 

52733. 55 

15. 35 

>2755.00 

47 

5 2533.05 

15.97 

5 2549.02 

52546.15 

15. 24 

5 2551. 39 
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TABijE 2.5 ( Continued j 


V 

^1 

6'0 


^2 


^2 

48 

52545.34 

15.30 

52355.54 

52556.70 

15.02 

52571.72 

49 

5a58.97 

15. 59 

52174. 56 

52171.58 

I-.39 

5 2186. 47 

51 

51302. 26 

15.55 

51317.59 

51314. 40 

14. 59 

51828.99 

52 

51650.89 

15.10 

51645.99 

51642.75 

14. 57 

51657-12 

54 

51502. 30 

14.70 

51517.50 

51514.05 

14.05 

51523.10 

55 

51146.46 

14.49 

51160.95 

51157.58 

15. 31 

51171.19 

57 

5u850. 34 

14. 00 

50364.54 

50060. 57 

15.57 

50875.94 

53 

50710.39 

15.78 

50724.67 

50720.73 

15.14 

50755.92 

61 

50530.16 

12.95 

50545.11 

5u553.35 

12. 28 

50551.11 

6 2 

50216. 46 

12. 60 

50229. 06 

50 224.64 

11. 93 

50256. 62 

65 

49917.69 

11. 56 

49929. 25 

49924.52 

11. u5 

49955.57 

6 o 

49332. DO 

11.19 

49345. 79 

49853.64 

lu. 68 

49849.52 

67 

497o4. r9 

10.79 

49765. 58 

4976u. 22 

10. 51 

4977o>. 55 

68 

49634.16 

10. 59 

49694. 55 

496do.96 

9.91 

43698.89 

72 

4947^.12 

8.55 

49473.67 

49 47 2. 13 

8. :2 

4943vj. 4u 

75 

49432. 40 

3,10 

49440.50 

49455.77 

7.76 

49441. 55 

76 

^9355.21 

6. 4 O 

49559.61 

49552.14 

0.12 

49553. 26 



TiixiLi. 2. Ojx 
ixDublet tieries 


V j? R S'j 


0 


64907. 24 


5 

63312.05 

65326 . 38 

14.83 

6 

63002. 66 

63017. 20 

14. 54 

7 

b 2o95 . 04 

62709. 37 

14.33 

9 

6 2u87.ll 

62101. 37 

14. 26 

10 

61736. 60 

61300. 67 

14.07 

11 

61433. 2u 

61502. 33 

14.13 

13 

60898. 5u 

65911.74 

13. 24 

14 

60607.04 

60620. 9 2 

13. 33 

16 

60031. 33 

60045.12 

13.79 

13 

59465. 33 

59473.98 

13.65 

20 

53909.09 

58922. 57 

13. 43 

21 

5 3654. 7 2 

53643, 10 

13. 38 

24 

57323.19 

57833. 02 

12.83 

25 

5 /'562. 51 

57573. 39 

13. 03 

27 

37'-’42. 2u 

57o55. 13 

12. 

29 

5o532. 73 

2d545. 52 

12.79 

31 

56U34. 37 

36047. 0 (■ 

12.70 

33 

53547. 47 

35560. 03 

12. 5o 

35 

35o72. 52 

55064. 88 

12. 56 
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TLBLzj 2 . SB 
D Doublet Series 


V 

P 




63456. 52 



1 

63116.18 

63132.67 

16. 49 

2 

62797.95 

52814. 49 

16.54 

4 

62168.30 

62184.70 

16 . 40 

9 

60632. 39 

60648. 46 

16.07 

12 

59737.89 

59753. 7“ 

15.86 

14 

o9l55. 32 

59x69.06 

15.74 

15 

5386 4. 51 

5383u. 16 

15. 0 5 

17 

53 294.07 

53309. fau 

15. 53 

1^ 

57733. 28 

57743. 64 

15.36 

21 

57182.33 

57197.63 

15. 3u 

23 

5 66 41. 66 

56656. 62 

14. 96 

24 

56376-17 

56390. 09 

14. 92 

26 

55349.95 

55364. 75 

14. 3u 

23 

55335. 43 

55350.11 

14. 68 

30 

54832. 05 

54343. 44 

14, 39 

32 

54339.87 

54354. 22 

14.35 

38 

5 2935.1^ 

52948. 90 

13.76 


V 

P 

R 

6-1 

40 

52492. 27 

52505. 3u 

13.33 

42 

52ud3. 02 

5 2076. 53 

13.36 

44 

516^7.93 

51661.07 

13.14 

45 

51445.97 

51458.98 

13.01 

46 

51247.83 

5126O. 72 

12.89 

47 

51u53. 64 

51^66. 4x 

12.73 

49 

5,0o77. 67 

5 uo 96 . 17 

12.50 

51 

50313.97 

50331. 25 

12. 28 

52 

50146, 4 7 

50153. 57 

12.10 

6 4 

49olb. vjD 

49827.79 

11.73 

55 

49658. 45 

4967'-'. 08 

11.63 

57 

49359. 53 

49370. 3u 

11. 27 

50 

49 21-3. 70 

49 229.80 

11.10 

60 

43955.17 

-:8S55.79 

10. 62 

Si 

488 3 3. 00 

48843. 33 

10. 38 

62 

43717. 57 

4^727.77 

10. 20 

64 

43507.06 

43516. 68 

9.62 

65 

43412. 49 

43421.82 

9.33 



TABLE 2.7 
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j^'raqueiicies and Quantiun Kiimbers of the Exciting Lines 


Series 

Exciting line 

a 

0 


7 

J*' 


^-1 

63498.51 

18.76 

58 

1 

57 

0.0 

h2 

63493. 51 

17.80 

55 

1 

56 

0. 0 


65498. 51 

21.98 

68 

1 

67 

-0.12 

^4 

65498.51 

20.99 

65 

1 

66 

- 0.16 


6490?. 24 

20.89 

64 

0 

63 

0. 25 

^2 

64907. 24 

19.94 

61 

0 

62 

0. 28 

0 

64907. 24 

14. 69 

45 

0 

44 

-0.13 

L 

63456.52 

16.58 

51 

O' 

52 

-0.09 


63235.18 

12. 48 

38 

0 

37 

0. 28 

^2 

65285.18 

11.50 

35 

0 

36 

0. 25 

'■^1 

63436.52 

13.75 

42 

0 

41 

0. 21 

dp 

63436.52 

12. 68 

39 

0 

40 

0. 24 


+ -1 
' Exciting line and a^ are in cm 
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i'loleculax- Gonstants of 




1 -.+ 


) 


Preliminary Rotational Constants: 


Bg = 8.1129x10'”^; ttg = 2.9428x10“^, Ye= -1.599x10"^, 
= 3.7089x10"®, fig = 1.434x10'"'^ j 


1. 434x10" 

for the range 0^ v ^=36 


Pinal Rotatioiial Gonstants : 


Bg = 8.0911x10"^, 
3^ = 2. 5419x10"'^, 


Dg = 3. 3389x10 


a 


•4 


2.1397x10'“^, Ye= -9.l929xlo' 
9 = -2.33 24x10”^- 


■C 


= 1, 614x1 0"5, 


for the range 0^ v =70 


Yibrational Constants: 

1.1013, C,^ = 1.6061x10"^, 

2. 81693a 0“^, 

for the range 0^ v ^60 

Wg = 323.342, WgXg = 1.0758, = -1.0252x10"^ 

•'l(O) = 161.405 


0^ = 3. 2343x10^, = - 

C^ = -1.6759x10"^ - 

Og = ~2. 4609x10"®, 


-1 


t 


All the constants are in cm 



2. lU 


49 


itotational Constants and iiiiergy levels of tne Upper 
otat e 


Series 

10=x 



2.71S 

49.16 



42.42 

u 

( 2. 719 ) 

172.11 

^1 

2. 655 

90.15 

iig 


81.14 


2.612 

122.55 



112.05 


. C:2* 79l) 

57.77 

®1 

2.791 

116.11 

c . 


1vj5. 56 

^1 

2.734 

4U.52 

^2 


34. 45 


f(J ) 




\ -JO ^ 


_11____ 

2 

63576. cs 

63526.98 

n 

n 

5 3569. 44 

63527. 27 



63659.75 

63587.62 

n+1 

n+1 

64086. 42 

63996. 31 

n+7 

n+7 

64077.45 

63996. 27 



64136.96 

64064.35 

n+8 

n+S 

64176. 40 

64u64. 41 



65O68. 10 

65117.64 

n+23 

n+23 

65233.89 

05117.64 

n+25 

n ‘ 

05223. 32 

05117.73 



t>5399. 27 

65358. 75 

n+2:? 

n ' +4 

o5393. 21 

65358. 76 
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LOiMG-RiiX^'aL Oi* Trib X AX'.'!) B Si'ATiiS OP Br^ 

Introduction 

The vrealth of the results presented in the 
second chapter was best utilised in obtainiiig the long-range 
molecular constants of Br^ X state for the first time. 

The results of the analysis were quite rewarding. The 
asymptotic value of the power n, in the inverse power 
series expansion of the potential is shown to be 6, for 
the ground state of bromine. This knowledge was used in 
extrapolating vibrational spacings and rotational cons- 
tants upto the dissociation limit. The correct potential 
was obtained from this data using the methods described 
in chapter 1. Long-range analysis of the outer turning 
points was carried out to obtain inverse-power potential 
coefficients, 0^ and Cg . Similarly using the data of 

On 

Barrow et al. , long-range molecular constants of the 
B state of bromine were obtained. 

The long-range Analysis of X State ; '^5s®''Br2 

The Birge-Spooner plot (fig. 4.1) of the 
vibrational energy levels in the range 60 = y = JS, shows 
a positive ctirvature above v = 65 as expected"''^ for a 
potential of the form 
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\r(r) = D ~ T: 0^/r^ (3.1J 

m 

Vftieii all tlie leadin^ terms in tnis eq.uation have the 
same signj it may he approximated in any interval of the 
long-range region by 

V(r) = D - G^/r" (3.2) 

where is the effective single term for the whole 

of the interval. 

A theoretical value of n = 6 was suggested 
by le E.oy and Bernstein.”^*^ However, the experimental deter- 
mination of the value of n is an essential first step 
in the long-range analysis. Tomrds this end the disso- 
ciation energy, D was determined from least squares fit 
of the vibrational energies, d(v) as a function of ZlG-y 
to tile eq. 3. 3 (for several values of n from 4.5 to 7.5). 

'ihe points in tne range 72 = v = 76 were used in the 
fits and the results given in table 3- 1. (^'is* 3. 1 ). 

1 - A ( j2n/(n+2) 

Since the standard deviations of these fits 
are relatively insensitive to variationsin n, it is sought 
to fix n on the basis of the agreement of value of B with 
the known value. How as the value of n varies from 4.5 to 6, 




i . 

D, the dissociation energy should not be 
series D of chapter 2* 

ABR. jSb., t-y. 


§^4 |. 


Vti 


65963 ! 
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D decreases from 15914. 5 4cDr^ to 15897. O^cm'^ (table 3.1 )• 

As explained in the first chapter, the value of D 
obtained from each of the above fits is an upper bound. 
Hence, the value of n is fixed as 6 , wi'iich agrees with 
the theoretical value. Substituting this value of n 
in eq.s. 1 . 23 j 1.24 and rearranging the terms, the following 
two equations are obtained. 

[D-G(v)]^/^ = Hg (vq - v) ( 3 . 4 ) 

^\j = ' 4 g (V|^ - v) ( 3 . 5) 

Using tne xnown value of D = 15895. 63cm“'' , eq. 3. 4 v/as 
fitted b 3 r linear regression over tne range 71 = v == 76 
and Hg = 0.3847, v^ = 83.94 were obtained. Vibrational 
energies, 4(v j were then extrapolated from v = 76 tipto 
the dissociation limit (vq = 89). Adopting similar 
procedures. By values beyond v = 76 were extrapolated 
using eq. 5.5 where '45 = 0.1981 and v^ = 89.01. The 
and d(v) values were included in table 3.2. The values 
of Og calculated from . and Qg arc respectively, 

3.042 X 10^cm“''A^ and 11.95 x 10^ cm“^ A® . The latter is 
very large as expected because eq. 3.5 is less accurate 
tnan eq. 3. 4.^ 

The extrapolated values of G(v) and By were 
used to extend the potential beyond v = 76. The SKR method 
of calculating the turning points at very high vibrational 
levels is inaccurate as explained in the first chapter. 
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iience, using the extraiDolaied vibrational energies the 
V7idths, [^2 ~ ] computed by a fortran programme, 

were added to the r^ values calculated from the relation 

\^(ri) = a/r,^^ +b (3.6) 

The conctants a = 4.5043 ^ lo'^cm“'^i^^ and b = 3.3755 x lO^cm"'' 
are determined by lea.st squares fit ofG-(v;and the r] 
values in the range 50 = v 4 60 to eq. 3.6. The difference 
in the r^ values calculated from eq. 3*6 and the RKR 
programme, for the highest observed vibrational level 
V = 76, is 0.0119n, wiiich shows that the errors introduced 
by this extrapolation above v = 6o are negligible. 

The dispersion force constants in eq, 3.1 are 
determined from the following equations (l , 30 and 1 . 31 ) 

[r6 (I>-G(v)]~« = » [uO^ /0g^^+“^]/r^ for a ^ 0 (3.7) 

log [r (D-CH'O] = log Gg + (C^/0g)/r^, for a = 0 (3.8) 

In eqs'.h 3* 7nand 3.8, the contributions from higher terms 
(O^Q , 0^2 2 .re efxective3.y represented by the parameter 

a. The constants Gg and Og were determined from least 
squares fits of r 2 values for 77 4= v 87 to eqs. 3. 7 and 
3.8 over'-’the range a = -1.4 io - .2 va.ried in steps of 0.2. 

The results are given in table 3.3. li io seen from the 
table, that the minimum EMSh occurs for a = -0.8. 

The long-range analysis of the same turning 
points was also performed by fitting them directly to the 
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linear three-term version of eq.. (vide eq. 1 . 33 ) 

R^lh - G(v)]= G^o+ CgE + Ogxl^ (3.9) 

here E = r^s the square of tne internuclear distance. 

The value of a is calciiLated from these constants using 
the relation 

a = 2(0^^05/02 ) - 1 (3.10) 

Holding D fixed at the known value of 15895.63cm”'’ , Og , 

Gg and are determined from the least squares fit of 

the turning points to the above equation, turned 

out to be negative giving a value of a = - 1 . 1 , which 
indicates that O^g = 0 agreeing with the above conclusion. 
The constants C 5 and Gg were determined holding G^^^ = 0, 
and are 3.59 x 10 ^ cm”'' A® and 173 x 10 '^ cm”^ Irrespectively. 
These are in good agreement with those corresponding to 
a = - 0,8 in table 3 . 3 * 

B^n {ut ) of %r 2 

The attractive part of the Eihi potential 

of the B state of ’’^^Br 2 outside the electron-overlap 

region was ixivestigated on the same lines as those adopted 

43 

in the stud 37 - of I state of Bro . Tee and Stone using 
the same data, recently obtained dissociation energy and 
interaction constants Gg and Gg . However, they used the 
theoretical value 1.98 x 1 C? cm“^ for Gg instead of the 
value determined from the long-range anal 3 rsis of the 
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vibrational energies. 

In tne present worii, the experimental values 

I) = 3339.61cm' and G5 = 1.818 x lu^ cm"”' taken from 
29 

Barrow et al, were used. Ihe results obtained from 
least squares fits of the turning points for 39 - v ^ 52 
to the equations ("vide eqs.l. 30 and 1. 3l) 

[r^(D - d(v>.G5/r5)]““ = Gg^-[a O9 /Cg ^ ^ ] /r^ (3.11) 
and log (B-0(v)-G5/r^)] = logi'Og) + (Cg/C6)/r2 (3.12) 

respectively for the cases where a f 0 and a = 0, are 
given in table 3.4. The constants obtained from direct 
fits to four-term equation inclabing Og in the ri^t 
hand clde of c,,. 3.9? ly least squares are 
Og = 8.54 X 10 ^cm"^A^, Cg = 80. 5 x 10 ^cm“\® and 

—1 in 

322 X 10 cm A ^ . Although the Cg values obtained 
from the two procedures agree well with each other, 0 ^ 
values differ markedly. 



Pig, 3.1 Plot of [P - against v near dissociation 

limit for the X state of Br 2 » which is linear for tJ 
range of levels plotted in the graphs. Intercept on the x-ax 
gives = 89 » "tile vibrational index corresponding to disso- 
ciation. [P - (>(v)l are in cm”^. 
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n 

3L 

lissociation 

Energy 

4.5 

0.19 

15914.54 

5.0 

0.16 

15907.54 

5'i5 

0.19 

15901.31 

06 , 0 

0 . 25 

15897.03 

5.5 

0.32 

15392.99 

7.0 

0.37 

15839.53 

7.5 

0 . 43 

15886.53 

i7ote s SD 

is tne standard 

deviation of the 


fit. dJj and Jjj-s&ociatioii ener^ are 
in 
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lABIE 3.3 


0.^ I or 
n 

dif I erent 

as. X Brj 


a 

RMISD 

lO-Scg 

10 - 5 Cg 

-1. 4 

0. 522 

2.932 

257.67 

-1. 2 

0. 373 

5.b54 

2u4. 47 

-1.0 

O'. 213 

0.637 

171.03 

- 0. 8 

u, o76 

3.377 

147.64 

— 0 

0. 210 

4.074 

130.19 

-0. 4 

0. 456 

4. 233 

116. 57 

-0. 2 

0 . 696 

4. 378 

105.59 


2ABLE 3.4 


^n 

diif erent 

as h : Br^ 


a 

fdiSB 

lO-^Cg 


1 

0 

• 

0.129 

8. 24 

104. 2 

- 0. 2 

0.115 

3. 32 

98.5 

1 

0 

• 

0 

0.112 

3.39 

95.4 

+vj* 2 

0.122 

8.45 

88. 3 

+ 0. 4 

0.144 

3. 51 

84.7 

+u# ‘0 

0.175 

6. 57 

80.9 

+u. 3 

0 . 212 

8.62 

77.4 


Mote ; MSB is in cm”^. Units of and Cg are 
as ^i'/en in tlie text. 
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LOITO-EAMGL' Ai^ALTSlS OiJ' Gl^ AiTD 

The results of the long-ran-^'e analysis of 
the X and B states of GI 2 and Z state of I 2 employing the 
same methods as those applied in the third chapter are 
given in this chapter. Then, conclusions drawn from the 
analyses of halogens, are presented. 

S ) State of 01^ 

The absorption bands of the system B 

33 34 37 

were studied by several workers ’ ' which provided very 

accurate information about energy levels V 5. Gntil 

recently, for the lower levels, low resolution band head 

me.a surements ' were used for vibrational energies and 

rotational constants were obtained by extrapolation. 

36 

Recently, Goxon and Shankar, reported the rotational 
a,nalysis of bands for the vibrational levels from 0 to 

33y34s36 

5* U'sing their data and earlier works^ more 

accurate vibrational and rotational constants were obtained, 
in the present work. Also, the long-range analysis of the 
EER potential computed from the data so obtained. 

The vibrational term values T^, (J=0) of 
the B state relative to ‘ (v=0, J=0) were calculated 

CmmJ g 

from the relation 



62 


Ty, (J=0) = + ^>0 (v) (4.1) 

where V , is the frequency corr esponding to the 

Sj ^\J 

vihrational transition y’ - y and do(v) is the ground 
state vibrational term value, calculated from the lUnham 
coefficients^^ of the X state of CI 2 . These were fitted 
to a polynomial of foiirth order in v' by least squares 
for 0 = v' - 12 and the zero point energy, 126. 42cm"'^ >ra.s 
calculated from the constants so obtained. The vibrational 
constants v/ere tnen determined from the least squares fit 
of di.v*), for 0 ~ V - 12 to the polynomial 

d(v’ ) = D (v ’+ 2 )^ j n = 1 to 4 ( 4 . 2 ) 

n 

The rotational constants By were taken from the work 
of Ooxon and Shankar^^ for v' = 4 and from that of Olyne 
and Coxon^^ f or 5 4 y' 4 29. The gaps in the experimental 
By values were filled by values calculated from the fits 
of the available values to the equation 

By =C Bk (v * -4 ; k = 0 to 5 (4.3) 

k 

The constants Op, and B^ are given in table 4. 1 together 
with the dissociation energy B = 3341.04cm”'!. 

least squares fits of d(V) in the range 
25 4 v' 4 51 (fig. 4 . 2 ) and Bv in the range 26 ^ v‘ = 29, 
to the equations 

3/10 


[D - 0(v')j' 


1% (Vq - V) 


( 4 . 4 ) 
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and = Q (v^-v') (4.5) 

and respective! 3r were used to eztrapolate the values of 
G'(v') and B upto the dissociation limit. As expected ^ 

O5 = 1. 226 z 10 cm“ A calculated from Hg is smaller 

than (2.97 X 10‘^cm“'’ ), calculated from Q. 

The HER turning points were obtained using 
the observed vibrational energies in conjunction with the 
extrapolated ones given in table 3. 2 and the B^ values 
calculated from eq.. 4.3 for v > 26 and those calculated 
from eq. 4. 5 for 27 - v = 35. As explained in tne previous 
chapter, the irregularities above v ^ 23> the repulsive 
branch of the potential curve were removed and the attrac- 
tive branch was adjusted appropriately. The turning 
points are given in table 4. 2. 

2. State of Chlorine 
9 

A long series of doublets were observed by 
Rao and ^enkates'vra.rlu^^ which were assigned to vibrational 
levels of the ground state over the range 0 to 34. Prom 
a jlong-^range analysis of the vibrational spacings of this 
state, their last observed doublet was reassigned to 

V = 55 and the asymptotic value of n >ra.s obtained as 6. 

35 

Douglas and Hoy" studied the resonance series under higher 
resolution and computed the potential curve o± the X state. 
They showed that there was very good agreement bexween the 
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observed long-range portion of the potential and that 
oalculated from the B state constants, however, when 
calculation was repeated using the revised 3 state cons- 
tants obtained in the present work, it was found that 
there was no such agreemen"^. Hence it ivas felt necessaiy 
to update the long-range analysis. 

As the data of Douglas and Hoy are more precise 
and extensive than the data used by Le Roy,^ the long- 
range analysis of their vibrational spacings near the disso- 
ciation limit was repeated. With the dissociation energy 
20276.44cm" , the vibrational levels from 56 to 58 were 
analysed. Surprisingly, the asymptotic value of n tinrned 
out to be 4 contrary to both the theoretical expectations 
and the experimental value obtained from the earlier data. 

Further, the plot of [D - &(v) ] -^s. v 
(fig. 4.5) shows a pronounced positive cui*vature for the 
highest observed vibrational levels x^ith n = 6, xdiile 
a similar plot with n = 4 is linear. Also, of me txfo 
plots (fig. 4 . 4 ) of G-(vj vs. ( witn n = 6 and 4, 
only the latter is linear yielding an estimate of D almost 
equal to the known value. Thus the graphical evidence 
is also in favour of n = 4. As a value of n = 6 has been 
obtained from' the long-range analyses of the X states of 
3r2 and I 2 , there is no reason to believe that it will be 
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different for the Z state of clilorine. So, in order 
to extrapolate the vibrational energies and the By values 
of this state from v = 59 upto the dissociation limit 
least squares fits to eqs. 1.23 and 1.24 vith n = 6 
were used. With these extrapolated G-(v) and By values 
in conjunction with those observed (given in table 4.4) 
the RKR potential was computed. The RSB tirrning points 
after correcting for irregularities in the repulsive 
branch above v = 45, are given in table 4. 3. 

X y ' state of Iodine 

Koffend et al. studied the X state of 
iodine near dissociation using optically pumped continuous 
wave iodine laser. Thev observed transitions involving 
the levels from v = d 5 to 96 and carried out tij.e long- 
range analysis of the live- highest observ..a levels. Gg 
was evaluated using a theoretical value of n = 6 for the 
asymptotic power. Tellingnaisen et al, , from their vTork 
on B-X fluorescence spectrum of I 2 extended the experimental 
data upto v = 99. Their vibrational spacings in the range 
93 ^ V ^ 99 were fitted by least squares to eq. 1.22 for 


This deviation perhaps arises out of vibrational misassign- 
ment or wrong identification of resonance doublots in the 

region near dissociation. 
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different values of n and the results are given in 
table 4.5. A cursoiy examination of standard deviations 
and resultant dissociation energies of different fits 
shows that the value of ^ 6, ±n agreement mth the 

theoretical value. The G-(v) and values were then 
extrapolated from v = 99 to dissociation limit (corres- 
ponding to the integer vibrational index 114, fig. 4. 5) 
with n = 6. The hKR turning points appropriately 
corrected for irregularities in the inner branch above 
V = 88 vfere computed in the same way in which those 
corresponding to the 2 states of chlorine and bromine 
were computed. These are given in table 4.6. 

Before proceeding with the long-range 
analyses of these states it was ascertained that their 
Birge-Spooner plots (fig. 4.l) show positive curvature 
for levels lying close to dissociation limit, -which 
is a necessary condition for the applicability of the 
methods employed in the long-range analysis. 

Long-range Analysis 

The analyses of KKR turning points of 
1 states of Gig and Ig and B state of Gig -were performed 

4 

for the levels lying outside the electron overlap region 
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and tile results are sumioarised in tables 4.8 and 4.10.'" 

I'he turning points in tne ranges ■-r23 = v = 31 
and 55 — V = 62 for B and Z states of OI2 respectively?’ v^ero 
fitted by least squares to eqs. 1. 50, 1. 51 and 1.52 with 
appropriate values of n. Similarly, those in the range 
97 £: V = 109 for Z state of I2 were analysed. In these 
fits, values of a in the range -1.4 to —0.6 for Z states 
and -0.6 to +0,6 for B states were used. The range 
of turning points, the critical distances 
values, and dissociation energies for B state halogens 
are given in table 4.9. and similar data for Z state 
halogens are given in table 4.7. The results of the least- 
square fits of Z state halogens along with a's (root mean 
square deviations) for different values of a are given 
in table 4.8 and those of the B state halogens are 
presented in table 4. 10. Do complete tne picture of the 
B state halogons the long-range analysis of tho B state 
of iodine, reported by Banyluk and King^® we.s included in 
these tables. 


The long-range analysis of the state of presented here 
is warranted . Lnspite of that by Bacis et al. with higher 
resolution data, for the reasons. I) The lower limit of the 
long-range analysis was in side the overlap region, where 
eq. 1.15 is not valid. 2) No reasons were offered for neglect- 
ing coefficients higher than C3 in their analysis. Hence, 
the long-ranqe analysis performed with the best available 

data, ^2 ig given here. 
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The optimum value of a should normally be 
that valu.e of a for ■which the o of the fit is minimum. 
jJ'or the X. states of halo-^ens, the optimum value ought to 
bo -1.65 —0.6 and -1.2 for Gl^ , Br^ and lo respectively. 
It may be noted here that the value of - 1. 6 for GI 2 is 
uncertain in vieif of the monotonical variation of c ’with. 
a, Ho'wever, there is a further constraint in choosing 
tne optim'om value of aj for anj- given state of halogens, 
the value of a should be the same. Applying this criterion 
it is therefore concluded that a = -1 represents the 
effective contributions from higher terms to the long- 
range potentials of the X state halogens. Similar 
considerations unambiguously lead to the conclusions 
that a = 0 best represents the long-range potentials of 
B state halogens. The values of the constants and Cg 
considered to bo tho most probaole values for these two 
states are also given in tabl^4. 8 and 4.10. Por the 
sake of comparison theoretical estimates of Gg values are 
included in the table 4.10. The agreement bet-ween the 
theoretical and the most probable values of Og of the B 
state is quite gratifying. 

The REB. turning points were analysed also 
by directly fitting them to eq. 1.33 in the range in which 
tho earlier analyses using le Roy's generalised equations 
were made. Two sets of constants were obtained one from 
the fits to the three-term version of eq. 1.33 (G^^ ^ O) 
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and tile otner from the fits to the two-turm version 

= o). The results of the fits t-dth o’s are given 
in tables 4.11 and 4.12 for the X and B states of halogens 
respectively. 


The optimum value of a = -1 for the X states 
of halogens indicates that G^q, which collectively denotes 
the contributions to the long-range potential from higher 
terms is aero. It is therefore expected that the first 
set of constants in taolc 4.11 should agree vj-ith the 
most probable value of the constants givMi in table 4.8. 
The agreement is indeed very close. However, for Br 2 , 
the a of the fit to the three-termlvarsion of the equation 
is small enough to warrant the adoption of the constants 
obtained from this fit. 


In tne case of n stauss of italogens the optimum 
value of a tunned out to oe aero in a^jTeemeui; witn Le hoy’s 
recommended value for tnis stnos. fixis vaj.ue of oc 
indicates a non zero value for 0^^ . 8o oxie expects that 

the second set of constants obtained f.rom tne fits to tne 
three-term version of the equation should agree with the 
most probable values given in table 4.10. Altnough this 
is readily soon to be the case for B states c£ bromine and 
iodine, it is not so for that of ciiLorine, has a 

uc-gative value vhich is totallv unexpected, as the second 
order terms for species formed of ground state atoms are 
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nuccijsariiy attractive, lurtatr, tne lirst Sct of 
coiistants aji'^-c butter with tiic most probaolc values 
than tiio second sot of oonstaats, besides giving a 
lower a for the- fit. 

On comparing the constants obtained 'hy 
extending the range of r^ values u-pto about 15A, with 
the corresponding constants given in tables 4 . 8 , and 4 . 10 , 
it is found tiiat the constants arc range- dc-pend< nt. Thus 
it is not possible to determine a unique set of constants 
b 7 / eitlicr of these methods, hovrover any one of the 
methods may bo used, with more or loss, equal validity. 

The ratio of the first two teres in the 
expansion of thu pot.vntial for both Z and B states were 
calculated in th^. range 5 A r A 20A axid given in 
table 4.13. Examination of the table shows tioat the 
contribution irom really hign compv..red to 

Gq /r^ for tho Z states and hence tne extrapolation of 
tue energy levels by cq. 4.4 with n = o is well justi- 
iied. Txhojigh, the results are not so encouraging in the 
case of the B states eq. 4.4 still gives a good approxi- 
mation for, the potential 0 ^ + '^ 6 would lead to 

. 9 

the eqmeo equation; only O 5 is not pure. 
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jPig. 4.3 plots of [D - G(v) for n = 4 and 6 

of tlae Z state of Ol^. Ihe plot with, n = 4 is 
linear while tmt with n = 6 shows a positive curvature. 
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Plot of LP - vs. V for the X state of 

The molecule dissociates at v^, = II4. 
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TAjSjUEi 4» 1 

Molscular Oonstants of Oiilorine (B State) 


w 

0 

= 

250. 583 

o 

M 

O 

= 4.533 

O 

O 

= 

-0.06 227 

0 0 

= -0.0015208 

ff(o} 

=: 

126. 42 



t 





D 


3341.04 


V 

Cl 

= 

255. 095 

II 

C\) 

o 

4. 4379 


= 

~u. u6573 

II 

-0. UU15503 





U= V 

0 

= 

l.b513>;10“^ 

^1 = 

-2. 4556x10"^ 

^2 

= 

-2. u312xlO~^ 

B3 = 

-5.9709iao'”^ 

^4 

= 

3.1169x10”^ 

II 

m 

-4.5232:au~^ 


t 


Calo'olated from tlie dissociation energjfj 
20879. 64cm'’^(ref . 9 ). All constants are in cm 
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RKR TURMING POINTS OF CHtORIME (B-Sr^rC), 
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■■ "--unm. 




** . i * 1 '-i , 

'^V , ,i_ilL3f,t;. 





1 9 

9840. B7 

1.71416 2,51798 

? 

t.j28 ?.S6 

1.70928 2.53823 

i 

1 1)71.9,66 

1.70462 2,55860 

?? 

11149.08 

1.10015 2,57909 

23 

11571.70 

1.69586 2.59976 

2-1 

11987.43 

1,69175 2.62062 

25 

12396.14 

1,68781 2.84173 

2 6 

12797.72 

1.68402 2,66310 

1:1 

13192.03 

1.68038 2,68479 

28 

1 3578.93 

1,67689 2.70683 

29 

13958.29 

1,67355 2,72926 

30 

14329,93 

1,67034 2*75211 

31 

14693.69 

1,66726' ■* 2if75fl 

32 ' 

15049.41 

,;V:i',664ll.. ’ 2,79941 

31 

15396,87 

''""'1,61447 ' tiillOi 

34 

16735,69 

i7i it" 

35 

16066,33''' 


36 


/ : 

37 

U699'^f7,,^ 


38 

17002,»S 

' ' H ’ ' ' ' ^ ‘U ^ 7 , " ‘ 

39 

17296,01;:;; 

''y'K:. r , 

40 

17S7f,«0\ 


41 

17iSi,il3 






I *'< m . 5 6 

1.64058 

3,08673 

■1 ; 

H3,97 

1.63373 

3,12331 

A I 

13602.77 

1,63701 

3,16222 

4S 

1 H 9 2 P , 7 1) 

1.63529 

3,20489 


1 ‘HMl .27 

1.63398 

3,25099 

4 7 

19239.63 

1.63262 

3.30142 

4 « 

1 9422.57 

1.63138 

3,35970 

0 9 

I95«9,66' 

1,63027 

3.42441 

">0 

1 9736.00 

1.62928 

1,50339 

St 

19B63.06 

1,62845 

3.59779 

52 

19969.55 

1,62775 

3,71700 

5,1 

20052,58 

1,62720 

3.86680 

54 

20117,72 

1,62878 

4.04820 

55 

20166,10 

1,62647 

4,28637 

56 

20202,21 

l,6a'623 

4,54673 

57 

20227.91 

, li62607 -v^ 

, ,,4Vfi73i>- 

58 

20246,90 

I.IBh 

'>.5,27,971 

59 

20 260,15'' 

1,62586 " 

'i* tn fti, i’ty 

■ 'S‘,83024r-' 

t f'j. ''y % '5 Hi*. 

60 

20268,70' 


tif 

61 

20273,57 ; 

1^62577 

74617,12 

62 

63 

1 Mt « W* 

20275,81 

20276,43 

'l»#IS76; 

r,:».8S575;,:,: 

mp0l 

‘§,61271,- 

dlV ' ' 

, ‘■:i6,37ioi»: 
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SiiBIE 4. 4 


&(v), of 'Jig (l State) 5 G-(v') and are in cm"! 


V 

G(v) 

■T^ . 

59 

20260.13 

0.041381 

60 

20268.68 

0.032532 

61 

20273.55 

0.023533 

62 

20275.79 

0. J 14334 

63 

20276.41 

0. Uu5534 


I'ABijB 4. 5 


n 

SO <?i.i ^ 

Lissociation ener^ 

4. 5 

2. 48 

12550.03 

5.0 

2. 15 

1 25^^9.06 

5. 5 

2.07 

12543.17 

■5. 0 

2. 07 

12547. 38 

6. 5 

2.16 

12546. 69 

7.0 

2. 29 

12546.07 

7.5 

2.43 

12545.51 




'jS- '■’'z 

‘‘ 


* Vi ' 


lisp 

^iiii 


iilS 


RXR THRMIN8 PDlflTS OP IODINE (I-STAIE) 





o„o33|ft-;'; 

0^033«t.;i 


., '.'S' ■' 

flillSlI'S 


* r-'c ' 


__3C\r) 


375a *58 
3941*38 
4129,76 
43i6,73 
4502.25 
4S8S,3t 
4868. 9i^ 
5050,01 

5229. ??'■ 

5*07.70 
5584.24 
5759.23 
5932.65 
&^84,4#!. 
6274,62; 

|i|3.*2.p 

6618. 

• 7100 , 6 # 


B'V' 

mmmmWmmmmrn 

R-i 

4 « |ll fV % # M fll w % III «. tt «« ||i «p 

R2 

0. 036126 

2,4215? 

3,05724 

0.034995 

'2i4l645 

3.07102 

0«03486l 

2^41153 

3.08470 

0,#3473® 

■■i;t440i79 

3,09830 

0.034115; 

, : '\':'”'2;#o222 ;r..;. 

.,3*-11184 

0#e34#i#. 

, OfOI4|l|^: 
• 04034###: 


3.12S32 
3,41876 
,3*€$®I7 
'■3.4 6857 

Oi033#O2 


3«4 7l#6 







77*0.04 

7B82.77 

8182*5'2 

8^29*4S 

8974.40 

88t7.31 

8780,16 

«M44.«9 

9013.49 


0.011719 

0*034842 

0.Oltt64 


a, 3872 9 
i.3l47l 
M822I 
nt«i78 


3,37191 

3,38652 

3,40130 

3,41627 

3,43145 

3,44685 

. 3,46248 

3*47136 


2.3t84| 

2,8if3f 


9*00, .14 






3#tf27J 

|#3f|49 


3,78574 
3,A!>988 
3, §3485 
SwiS870 
3,81751 
3.91533 
r.94424 
%l^429 
4i#»:559 


2,31880 

2,t«$l8 

2*3tA28 

tMn% 


U 5^2,39 
U 832,59 

tll64|i7, 

ttl25^|r’£; 

|il83,h 


f 7647 

hi^ 

:|ri27l7fy 

'iMim 








12?48,03 0,00240 

12281.29 0,O|S71S 

12311*96 O,0t§t8Ov 

12 340,11 ' 0I«|SI34 

12 365,81 ' 0##ti«t#fSi 

12389,13' 

12410.29 • rif 5lli:956;' 

1242R,93','^. ' ’>0, 01333#- 

12445,79 0,012713: 

12460, f 7;' .0,0121>9^J 

12474,5# ■,.0,01147^^ 

I2486,«3*.'f^ ■ fl;Ol085<f"J 

1,2 4^^7.29 ; •>0,01-022% 

4\ > • ' 2?: 

12506.62-;v;^^|609iS0| 

12514,70 ^|8 3 « fi 

^12521.64 

12527.8 

■i25ie.4i|ff|^|o^5oi 
115 39.5 ®|| 

12512.1 1 

1 25 45 , f iS 


2'v272t3 

2,17252 

2#tl217,, 

:t,tf tli";.."-!:;' : 


4.79726 

4,77924 

4,81664 

4,94009 

5,03045 

5*42846 

':5*a320S 





y 

r.cv) 

By 

■ .. Rl, 

■ R2 




Ho pi '# W « 

»piMi<WiNipii mm m mm mi 

1 J y 

1 2546. ?6 

O.«O0.JS9&;2yj' 

a*^!'69f0 

. 11,02194 

j 1 1 

1 2546,81 


'•; ,1 : 

12,68091 

112 

12547,09 

O.OBtlSt- ' 


• ' '15, >30744 

t 1 i 

12547.19 


■ . 

2UB0208 

1 1 4 

12547,21.'; 

' ;''Q ■; 

33,92981 

^ %Li^ Ui« Uij ^ 



TABLx. 4.7 


89 






. . — — 

X 

D cni”^ 


ran^e 

V range 

Cl 

2u276. 44 

4. 11^- 

4. 236-9. 51 2a 

55-62 

1 c\ 

15895.63 

4 . 68-^^ 

4 . 759''3. 64 bA 

77-37 

lo 

12547. 22 

5 . 51 ^ 

3.751-9.932-^ 

97-109 


TjiBLiii 4 . 3 


a 


0 


10“'' 


•1 6 

XU 

10-^ 

*J n Cill 

u 

1 

01 2 

Br2 

^2 


roTr^ 

1- 


^^2 

I2 

-1. 5 

1.62 

u. 65 

U. O'J 

4.86 

2. 35 



13. 4- 

44.7 

362 

535 

-1. 4 

1.66 

0. 52 

o\ u5 

4.37 

2.93 

13.3 

42. 7 

258 

477 

~1. 2 

l.'/l 

0.31 

0. 03 

4. 39 

3. 33 

14.1 

4 I * 0 

203 

431 

~1. 0 

1.76 

0.121 

u. 04 

4. 30 

3. 64 

14. 4 

TJ.^ 

171 

393 

-0.3 

1.32 

0. u7 

u . OS 

4.5 2 

3.37 

14.7 

37 . 3 

143 

362 

-0. 6 

1.37 

0. 21 

0.11 

J D 

4.07 

14.9 

3i:^.4 

130 

335 

I 

c 

« 

1.94 

0.13 

0.15 

4.S4 

4. 24 

15. 2 

35*1 

117 

312 

Host 

probable values 

4.9 

3.37 

14. 4 

7?rj / 

^7- 

143 

395 
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TABLE 4.9 



L cm ^ 

lu”^xOi- 

-1 5^ 
cm A 

A 

Pg ranj^-e 

A 

T range 

01 

3341.04 

1. 226 

4.1 

4. ci95-9. 156 

23-31 


3839.61 

' 1.318 

4.7 

4. 963"3. 363 

39-52 


2Q043.12 

2. 776 

5. 5 

8. U “15. 3 

77-32 


TABLE 4.10 


Og and Og of B state Halogens 


a 


a 

10 ^ Og 

cni“^ A 

6 

10 “^0 

3 cm""^ A^ 


h* T* T* 

J0J ~ 2 


Br 2 

T 

^^2 

Br^ I 2 

'U. 6 

u. 16 

0.15 

^.39 

3.16 


43.6 

111 

- 0. 4 

U.I 4 

0.13 

4.43 

3. 24 


46. 0 

104 

“0. 2 

U.12 

0.12 

4 . 46 

3.32 


43 . 3 

98. 4 

0. 0 

0.11 

0.11 

4 . 43 

3. 39 

17.3 

41.7 

93.4 243 

0. 2 

0.11 

0.12 

4.51 

3. 45 


39. 3 

38.3 

0. 4 

0.12 

0. 14 

4.54 

3.51 


33.1 

34.7 

0. 6 

U.-13 

0.17 

4.56 

8.57 


36 . 5 

80.9 

I'iOS' t 

pro oa Die values 

4. 43 

3. 39 

17.8 

41.7 

93.4 243 

Tlieore'i^ical 

values 

4.5 
^.o. 5 ) 

3. 3 , 
(. 0 . 8 ) 

18. 5 
v2.oj 
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ul 


'I'iiniiji 4. 11 

Ooxistants froin lirect fiuo, 4. State iialogeiis 


ecule 

Jil'lSf 

0^ 

0 


, i 

a 


1.309 

3.1^ 

134 

~149u 

-1.6 

01, 






C. 

3. 79 

4. 51 

53.1 

u 



1. 298 

3.17 

223 

"1130 

-1.1 

Brp 







0.173 

3.59 

173 

0 



0.133 

14.3 

385 

All 

-0.9 

^2 

0.03 

14. 2 

Cvi 

0 



lABiS 4.12 

Oonstants froa lirect fits, B State B.i,logens 


x'iOleculs 

BiiSB 

,..Zh 

^8 

. - 

a 


0. 43 

4.52 

57.3 

-104 

-1. 2 

Cl 






c. 

0. 23 

4. 36 

53.1 

0 



0.142 

8. 54 

30. 5 

322 

1. 2 

Br, 







u, 58 

8.11 

121 

u 
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TABLE 4.13 

The ratios of ^ ^ 

X states (Og/r^ j/('Gg/r® ) B States (G^/r"^ )/(Cg/r^ } 



Gl^ 

Br^ 

h 

CI 2 

Br^ 

h 

5 

0. 305 

u. 6 56 

0. 915 

1. 359 

1.034 

0. 780 

8 

o. 735 

I.vjYS 

2. 345 

2.189 

1. 734 

1. 24o 

lo 

1. 224 

2.022 

3. OD-v 

2. /57 

2.167 

1. 560 

15 

2.754 

5. 39 9 

0 . 244 

4. 106 

3. 251 

2. 34O 

20 

4- 8S'J 

lo. 433 

14. 5 j>o 

5. 474 

4. 344 

3. 1 2o 



OHAPl'jiil 5 


Ai3ciOiiPl'IuI\'’ Oi' BROHlilEi 

IN TxiS VaGUuI'I ULTiiAYIOlAl 


The vacuum laltraviolet spectrum of Br 2 

45 

was reported hy Venlmt eswarlu in which five Bydberg 
transitions converging to 85l65+80cm (lO. 56^. OleV) 
were identified. This limit has been attributed to the 
ionisation energy of » of Bf!^ . further, two 

limits at 1180 and 1185A are reported as corresponding 
to tne ionisation of the molecule from v = 1 and 2 of 
the ground state respectively. Based on the then 
existing value for separation 3146cm-'' , 

_ ^ 49 

obtained bjj Frost, Mcuowell and Vroom, he identified 
four more series converging to 3330bcm"' leading to 

Recent photoionisaxion studies'"' gave an 
ionisation jjotential lo, 52+.UleV leading to '^^^of Br^. 
The difference between tjais value and that of Veiikates'- 
warlu corresponds to one vibrational eluant am of the 
upper state. and hence it was inferred that the ionisa- 
tion limit obtained by him corresponds to the first 
vibrationally excited state of the ion. Gornford, Frost, 
McDowell, Ragle and St enhouse," from their studies on 
photoelectron spectra obtained the doublet separation 
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2320cm as compared witu tde earlier value 3146cm""' 
(Incidentally the dii'ference corresponds to one vibra- 
tional quantum of the ground state J. lo resolve the 
existing discrepancies between tne results of the 
vacuum ultraviolet spectrum and the photoelectron, 
photoionisation spectra, the spectra reported by 
Venkateswarlu are reinvestigated. 

In the present analysis three possibilities 
were investigated to settle the above problems: 

1. Keeping ';^g(0,0) of d, h, k, p, q series at the 
old values, the ionisation potential was changed 
to 84844cm“"' and the spectra were searched for 
higher members. 

2. Search was mode for a set of totally different 
members for series d, h, Ic, p, c. 

5. Ihe old 0~1 was assi,_:ned 0-0 in tiivO present 
worm and correspondingly hjrdbcrg ti’ansitions 
were reassigned. 

I'he ionisation potential 34o44cm reported 
O I.' b-e. Ujv cJ ^ ^ . 

by ¥^ onkatooT-ja : r3w :i, is 323Gm"^ smaller than that reported 
b^f M r bolor otal . The 0-0 bands of 85, hq, kg, pg and qg 
have been kept at their old values 66227 cm*'"' , 68651c!nr"', 
70913cm“"' , 73459cm 74161cm"'' and the higher members 
of the series are uvaluated using the ionisation potential 
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84844cm“1. The result of the investigation for higher 
mosihers is that either they are not found or they are 
very weak. Even the ones corresponding to n = 6 were 
difficult to identify. Hence the conclusion tliat tho 
series starting with the above 0-0 for n = 5 converging 
to 84844cm do not exist. 

A second alternative is pursued in the 
present work to see if the analysis coiiLd be improved, 
following a heuristic procedure to identify the series 
d, h, k, p and <i. Several intense bands be^n picked 

up as the starting memDtrs of tau series and tne higher 
members calculated from 'Cno ioriisation potexitial 3435lcui~' 
The spectra e.re tnen searched for the series so calculated 
and tne series rith the follov/ing starting members have 
been identified; 66227cm~"’ f or d,* 63631cm for h; 

Tugi^cnri I or h; 75439 cr“'’ for p and 74l5lor:r" f or q.. The 
members of the series in this case arc either moderately 
strong or weak; the intensities of the bands fluctuate 
and do not follow an order. These are represented by 

'l) = 34851cm"'' - H/(n - 6)^, ri= 5,6,.. 

with 6 = 2.578, 2.404, 2. 202, 1.896, 1.796 for the 
series d, h, k, p and q respectively. 

The temperature dependence of the intensi- 

45 , 47 

ties of the thresholds studied by libeler et al. , concludes 
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that the limit 1174A (8516 , the limit of f s, 
reported bjr Venkatcsv/arlu) corrosponds to that of the 
first vibrationally excited state of the ion. hlence, 
all 0-0 baads assigned by Vonkateswarlu were reassigned 
1-0 in the present work. Thus, both the absorx)tion and 
photoionisation spectra yield the sane limit. The 0-0 
bands are weaker than 1-0 bands, vjhicn happens especially 
wnen r^, , the equilibrium internuclear distances of the 
states involved 3n transitions arc not equal, accordingly 
some of tho higher 0-0 bandsaro missing. The new assign- 
monbs are given in tables 5*1 ™ 5*5* They are repre- 
sented bjT- 

17 = c4844cm"^ - R/(n - o)^ , 

whore 6 = 2.595, 2.422, 2. 225, 1.958 and 1.S42 

respectively for tnt. series d, li, k, p and q. 

Of the second and the thix’d analyses 
the third is preferred. In the second case, the reason 
for the fluctuation of intensitioo is not known. But in 
the third case, assuiriing that C-0 bands a'*G izcak, every- 
thing follows automatically. This assumption that the 
overlap integral is smaller for 0-u bands tnan for 1-0 
bands, is 'iUite reasonable, as the upper states may have 
larger r^ . hence the aiialysis with old o-u bands reas- 
signed to 1-0, is accepted in the present work. 
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111 of tne value 23 20 cm' for .the 

separation of the components, series i, 1 and n 
converging to state of ion have been reiden- 

tifiod. Only the members with n = 5, 6 and 7 have been 
located. The series are represented by 

= 87664cnr"* - fi/(n - 6)^ 

where 6 = 2.59, 2.55, 2.42, 2. 40 for i, j, 1 and n 

45 

series rospectivolv. As reported, the electronic 
coiif igurations and states of the series i, j, 1 and n 

BiJCOy t 



g 

1 t 

rr,.and n * 

, fori 

aiid 3 series 


t-3 u- 

o ]npx^ 

Tl'> 5J 

for 1 

series 

1 — 1 

-i'3 ’- 

9 

n„_ jjiip'x^ 

■d (h-‘ 

) for 11 

scries 


I'h^ observed a.iu calculo/cud 'ICOjOj values 
agree well with each ■other. . liic doublet separation 

(^2 - com^.s out to bv. 2520Ci.r'’ , as oxpuctod. 

'i'ho configuration ! cr ^T'l, J h, und^r 

g U g V- u 

ri-w coupling gives tnu sxatos TTj , Tij^^-and T'l^_ , of which 
the first two can have transixions from the ground 
state which aro probabljf responsible for scries i 

^ V - * 

and j ,• of the sx.atcs - f (lj_,, 0” ) and'^_^ (l^^ , Oj^), 
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transitions from ground state arc posriblv. to )» 

0'^) T-;liich arc probably responsible for 1 and 
n series. 

The assigximents of ' components by 

Venkateswarlu remain unaltered, f jt no members of the 

series other than rhe first were identified. Thus 

71706091 “'^ involves for its upper states and 

74651cm-'’ and 74768cm~'’ involves ..and for 

2 -, 

upper states respactively^ which belong to rr^^core. 

All the staL'le electronic states of 3r2_ 
are given in table 5. 6 . Tag states reassigned in 
tnis wor'i are mar. it; d wit^x o-steriz ..ii tno table. 



%dlDerg Series d Hydberg Series 
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lABIZ 

5.5 



lABLl 

5. 4 


% 

dberg Series k 


Rydberg Series p 


n 

Oal 

Ubs 


n 

■'^3ll 

ubs 


5 

70598 

70596 

317 

5 

75153 

75153 

521 

. 6 

77144 

77150 

320 

6 

73192 

78181 

515 

7 

SUU32 

8OO32 

295 

n 

{ 

d<j56o 

- 

- 

8 

81554 

31545 

- 

3 

81357 

~ 

- 

9 

62455 

32466 

321 

9 

3 26 45 

82659 

329 

10 

33029 

83045 

- 

10 

35155 

33151 

- 

11 

83419 

33420 

- 

11 

33507 

3 3 434 

- 

12 

33696 

33703 

- 

12 

33760 

33751 

- 

15 

33399 

3 3905 

- 

15 

35942 

33941 

- 

14 

84O55 

~ 


14 

84089 

84097 



T--iBLZ 5. 5 


Rycller? Series q. 


n 

Cal 

ubs 

u 

5 

75839 

75839 

322 

6 

7 8490 

73450 

5o2 

7 

8u718 

8u747 

(2d3) 

3 

81949 

31903 

- 

9 

3270 2 

8 27 24 

- 

10 

83195 

33170 
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‘i'xsjiliii 0 * S 


Observed stable eleotronic states of 


Gonfi duration 


blectroiiic 
Oas e 
a or b 
type 
couplin 


stat ( 
Case 
c or 
^ 0 ) 


g coupling 


Position 
of tbe 
Systea levels 

cm 


-1 


“□ “o^o 


om 


cm 


-1 


[^Q ^ 5f y 

OgTEl^Tt g o' Xj *^^0 

^n^jSSOg 

[og ^%j 5 sCTg 

^\ pf<yu 

LO'i^u’^g^^joiOy 

•0 g /X y'iX^ O y ^ u 

^H^JSf'iXy 

;_ 0 ^'jXu 7 Ig 

Og 7 r§ru^o| ■ ^Hy 

L< 7 |TC^Tx| 2 n,^^^] 5 prw^ 
[o' 5 Ti:^'iX^g^n 3 ^.] 530 g 

[a§ Jiii'jxg ^%^j 5 pJXu 
L O' g ^ u '>'^Q ^ n^.p of Oy 

[o'^itSTc| 2 %^j 5 pcru 
[o'lTX^Tcl^n^^-JopOu 
[ 02 r, 4 'rt 3 2 lI^J|jp;tu 
[j 2 -rtt 7 x 3 ^nyop'iCu 

O' g iX u 'jX q Oy ^ ^ ^ l 

[o-iix,^xx 3 ^nj 5 dcrg 

LJg<^g"llj 5 plXy 

ialr 4 Kl % Ji 5 - 9 C ^ 



V 

77639 

303 

du) 

u 

77491 

374 

1u 

If 

76491 

230 

Hoy "** 

t 

74768 

299 1 

Iflu 

3 

74651 

303 


r 

74455 

341 (1.0) 


qi^ 

73839 

322 


M 

74013 

241 (u.3) 

z V:> 

p* 

73138 

321 

A du) 

0 

( 73240 ) 


1u 

L 

72674 

215 3 

2“(Qu ’"lu) 

n ^ 

71333 

316 

^lu 

m 

71705 

323 

Z~'' ( 'u) 

1 ^ 

71158 



k ^ 

70596 

317 

n 

j ^ 

69396 

333 

^1u , 

i in^ 

6881 4 

324 

E'"' (Ou') 

ii ^ 

6333U 

321 

E“(Oy") 

u 

‘S 

K 

6o6u3 

339 

^2,1g 

f 

665 O 0 

430 

A du) 

e 

66473 

331 

IIlu 

d ^ 

65907 

320 


c 

(62266 ) 

(293) 



TABLji; 5.6 (Continued) 
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Slectro2iic states Position 



Gas e 

Case 


of the 



Configuration 

a or b 

c or 

System 

levels 

O' 

cm 

^0^0 


type 

coupling 

J2-(jo 

coupling 


on 

cm"^ 

/) 2 

^Hg 

^9 

J 

61444 

220 





b 

(60879) 

(426) 





I 

(59855) 

(281) 



^ng 

1g Og'" 

H 

56669 

106.5 

1.5 



0 

G 

56503 

255 


I5scjg 


^r, 

a 

55534 

330 


a^7z^%lal 

*E“ 


P 

52u90 

120 


4 3 2 

CgriSTC^CTu 

1 V 

^9 


h 

51715 

149. 2 

1.15 

Jg 

3 2 - 

(1 Q or Og , 

i) 

48435 

161 . 7 

u. 29 

CJg'iXu’-trO'u 


1u 

\J 

( 47 v-''ju ) 



2 4 3 

Jg TCy 'Jig 0y 

'nu 


B 

l5o48 

160.1 

1.84 




mi 

13815 

I5u 

2.7 




ih 

0 

523.4 

1* 10 


POTS : lydberj states are desiinax^d 03^ sEall letters, a,b,c, 
Valence ori. non-Pydberg states are designated by capital lettersj 
AjBjO. The values -^Iver- in parentheses are either uncertain 
or approximate. 
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